An at-sea experiment of multiuser communication in deep water using adaptive time reversal was carried out. In the experiment, two sources and a 20-channel receiver array were 
In this study, adaptive time reversal [25] [26] [27] is introduced to additionally enhance crosstalk mitigation. With adaptive time reversal, signals from undesired users are suppressed while signals from the desired user are maintained. In the spatial response of adaptive time reversal, the null point is generated at the position of undesired users. Thus, adaptive time reversal
gives better crosstalk cancellation performance.
In this paper, results of an at-sea experiment for multiuser communication in the deep ocean are described, in which two source were used. The relative positions of these sources were changed to investigate the effect of multiuser interference. As a result, especially when sources are close together, adaptive time reversal is significantly effective for suppressing multiuser interference. The scope of this study is communication from multiple sources (users) to a receiver array (base station). Thus, only multiuser, single-input-multiple-output (SIMO) communication, that is, uplink communication, is discussed.
Adaptive time-reversal multiuser communication

Time-reversal communication
Time reversal for SIMO communication is called passive time reversal 28) in contrast to active time reversal 29) for multi-input-single-output (MISO) communication. In the case of active time reversal, time-reversal signals are modulated with information-bearing symbols and actually transmitted from an array to a focus point.On the other hand, in passive time reversal, similar spatial and temporal focusing effects can be obtained by signal processing on the receiver array side. As mentioned above, the objective of this study is to investigate multiuser communication from multiple sources such as AUVs to a receiver array (base station). Thus, only passive time reversal is discussed hereafter, except in Sect. 2.3, and is sometimes referred to as only "time reversal" without mentioning "passive" explicitly.
In passive time reversal, a probe signal is transmitted from a source, followed by an information-bearing signal. The channel response from the source to the receiver array is obtained from the received probe signal, which is cross-correlated with the received information-bearing signal at each channel, and the resultant signals are summed over the channels. This process is equivalent to the active time-reversal process. Therefore, through time reversal spatial and temporal focusing effects, in addition to the removal of ISI, signals from sources at different positions can be separated, as shown in Fig. 1 . Because the information-bearing signal, which is convolved by the same channel response, can be extracted by the process of cross-correlation.
Adaptive time reversal
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where M is the total number of receivers.
To suppress crosstalk, an adaptive time-reversal signal for user 1 w1 is given by
where
subject to the constraint that † 1 1
Here, † denotes the complex conjugate transpose and 
Results and discussion
Analysis with actual multiuser-interfered signals
As mentioned above, the results of analyzing actual multiuser-interfered signals are As a future work, comparison with other multiuser communication methods will be carried out. Moreover, at-sea experiments at a longer range will be conducted taking into consideration the Doppler effect due to moving sources. 
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